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Abstract. The paper discusses some aspects of the growth and development of hybrid citrus seedlings
obtained through distant hybridization. The use of biological methods in agronomic practices is an
important factor for both confirming the advantages of organic agriculture production and developing
methods to manage physiological processes as well as formulating indirect agronomic measures to enhance
frost resistance. For this purpose, the bio-morphological features of hybrid citrus seedlings obtained through
distant hybridization were analyzed under the climatic conditions of Imereti, taking into account the
application of biological agro-technical methods. Promising, relatively frost-resistant forms were high-
lighted for establishing industrial plantations. The object of the research was experimental plants grown on
the citrus demonstration plots of the Scientific Research Center for Agrarian Directions of Akaki Tsereteli
State University. The use of biological methods of agrotechnical measures is essential, not only in con-
firming the advantages of organic agricultural production, but also in developing methods for managing
physiological processes and implementing indirect agrotechnical measures to increase frost resistance. The
use of the bioecological method applied by us (sowing green manures between the rows) somewhat
protected the test plants from the adverse effects of the environment and did not significantly affect the
intensity of their growth. Sowing green manures between rows also protected plants from the effects of
high temperatures which during the test period was recorded at 40-42°C. © 2025 Bull. Georg. Natl. Acad.
Sci.
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Georgia being a country with limited agricultural cultivate crops  that provide high-quality and

land, requires the rational use of its land resources. ecologically clean products while being adapted to
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It is essential to develop farming systems that allow P £

. . .\ subtropical fruit crops distributed in Georgia, citrus
to obtain ecologically clean, competitive, and ubtrop p | gd,

import-substituting agricultural products demanded fruits, particularly lemons and oranges, hold
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significant importance from the perspective of
public and agricultural use. However, it should be
noted that the widespread distribution of these
crops is somewhat limited due to the low frost
resistance as a constraining factor. Currently, va-
rious systems of agro-technical measures for pro-
tecting plants from frost have been developed by
researchers and practitioners from different coun-
tries. However, their implementation requires
significant material and labor investments, making
the production of these crops unprofitable in the
end. Implementing protective measures against
direct or indirect frosts in citrus fruits almost does
not yield the expected positive results unless
scientific research activities for enhancing frost
resistance are conducted using selective methods
simultaneously. One of such research works was
conducted by us within the conditions of the Citrus
Plant Selection and Genetics Research Laboratory
at Akaki Tsereteli State University, where partial
resolution of the mentioned problem was facilitated
as part of a grant project funded by the Shota
Rustaveli National Science Foundation from 2009
to 2012 [1, 2]. During distant hybridization, the
maternal components selected for the cross combi-
nations included lemon varieties: Villa-Franca,
Meyer, Dioscuria, and the orange Washington-
Navel, while the paternal components included
spontaneous mutants of trifoliate #1 and #2, as well
as complex hybrid “Kavkasia” derived from cit-
range of American origin (whose fruits do not
contain substances that deteriorate flavor (poncirin,
naringin, etc.)). Hybrid fruits were obtained
according to cross combinations, and numerous
hybrid seedlings were produced as a result of
sowing the seeds isolated from them, which
underwent genetic analysis based on phenotypic
traits. Four groups of hybrid seedlings were
distinguished: 1) traits extremely inclined towards
the paternal plant, 2) traits extremely inclined
towards the maternal plant, 3) intermediate forms
with transitional traits, and 4) forms with entirely

different traits [2, 3]. Subsequent bio-morpho-
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logical investigations and the use of biological
methods of agronomic measures on these citrus
seedlings represent significant factors for confir-
ming the advantages of organic agriculture produc-
tion as well as developing indirect methods for
managing physiological processes and enhancing
frost resistance.

Research Object and Methodology

The implementation of the project titled “Appli-
cation of Bio-Ecological Methods in Hybrid Citrus
Gardens and Selection of Promising Forms” started
in 2017 on the experimental plants laid out in the
demonstration plots of the citrus plants at the Akaki
Tsereteli State University.

The essence of the project lies in studying the
bio-morphological characteristics of hybrid citrus
seedlings obtained through distant hybridization
under the environmental conditions of Imereti,
utilizing biological methods of agronomy, selectin-
promising, relatively frost-resistant forms from
them, and developing technology for growing
seedlings for industrial plantations. The implemen-
tation of the planned objectives of the project began
in March 2017, specifically from March 20 to
March 30, when mass selection of hybrid seedlings
obtained through the grant project was conducted
and these seedlings were transferred to open

ground.

Results and Discussion

The plants in the collection plots were divided into
three variants:

The first variant — we gave it a controlling
purpose, where no cover crops, mulching, and soil
bio-preparations were used. We normally carry out
all the agronomic activities that are accepted when
establishing young citrus orchards (soil loosening,
irrigation, application of nitrogenous and complex
fertilizers);

In the second variant, on April 6 of this year,

soybeans were sown as a green manure cover crop,
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which we incorporated into the soil at a depth of
15-20 cm on July 10-11 during the flowering phase;

In the third variant, an organic fertilizer was
applied in liquid form to the plants. This helps to
improve soil structure, aeration, water permeabi-
lity, retain minerals, propagate the microflora the
balance of nutrients in the plant.

During the research process, regular measures
were carried out against citrus pests and diseases as
well as maintenance work — weeding soybeans
between rows, processing inter-row spaces,
loosening the soil around seedlings, irrigation,
formative pruning; also, observations and
recordings of bio-morphological characteristics and
phenological phases of the experimental plants
were conducted according to each variant.

The height of the plant trunks, the diameter of
the canopies, the beginning and end of I and II
growth were measured according to the variants.
The results of these observations are presented in

the Table.

As can be seen from the data in the Table, the
seedlings with the following combinations stand
out for their intense growth: Lemon Meyer X
Ichangensis complex hybrid “Caucasia”; Lemon
Dioscuria X Trifoliate mutant #2; Orange
Washington Navel X Trifoliate mutant #2; Lemon
Willifrank X Trifoliate mutant #1, these seedlings
represent forms leaning towards the mother plant in
terms of phenotypic traits, which in turn is very
important and interesting for the continuation of
further selection and agronomic work. In August of
this year, extremely high temperatures of 40-42°C
were recorded according to the meteorological
station data, but the use of the bio-ecological
method we applied (sowing cover crops in the
rows) partially protected these plants from
unfavorable environmental impacts and did not
significantly affect the intensity of their growth

waves.

Table. The results of the research on the characteristics of hybrid citrus seedlings growth

I growth IT growth
Hybrid plant combinations Trka Crown £ £
height | diameter Beginning End Beginning End

Lemon Meyer X 1.4 1.8 30.03 10.06 5.08 8.11
Trifoliate mutant #1
Lemon Meyer X 1.32 1.8 27.03 8.06 3.08 5.11
Trifoliate mutant #2
Lemon Meyer X 1.5 2.2 28.03 8.06 5.08 5.11
Ichangensis complex hybrid ”Caucasia”
Lemon Willifrank X 1.28 1.4 25.03 5.06 4.08 3.11
Trifoliate mutant #1
Lemon Willifrank X 1.45 1.5 31.03 12.06 7.08 10.11
Trifoliate mutant #2
Lemon Willifrank X 1.32 1.4 28.03 9.06 4.08 6.11
Ichangensis complex hybrid ”Caucasia”
Lemon Dioscuria X 1.35 1.4 30.03 10.06 5.08 7.11
Trifoliate Mutant #1
Lemon Dioscuria X 1.55 1.8 25.03 5.06 3.08 4.11
Trifoliate mutant #2
Lemon Dioscuria X 1.3 1.4 27.03 8.06 5.08 5.11
Ichangensis complex hybrid ”Caucasia”
Orange Washington-Navel X 1.4 1.7 27.03 9.06 4.08 6.11
Trifoliate #1
Orange Washington-Navel X 1.42 1.8 25.03 5.06 2.08 3.11
Trifoliate #2
Oragne Washington-Navel X 1.35 1.5 30.03 8.06 3.08 5.1
Ichangensis complex hybrid ”Caucasia”
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Conclusion Based on biometric data obtained from the

. . . agronomic and agrobiological measures carried out
Thus, the use of biological methods of agronomic & £ &

. . . on hybrid seedlings, we can conclude that the
measures is an important factor, both in terms of Y &

. . . sowing of cover crops — representatives of the
confirming the advantages of organic farming & P P

production and developing methods for managing legume  family ~ (soybeans) in the inter-rows

physiological processes and creating indirect positively affects not only soil structure but also the

. . . . physiological processes occurring in the plant.
agronomic measures for increasing frost resistance.

390696569285

dmMHgMeo 300M0EoBsEgools 3909y Jowgdwo
GOGHOMLMZ6ms 30dMH0EMo MgligrbyMagdols
B 5-396300560Hgd0L bmyoghmo s3gdEo

6. 3135¢00560°%, b. gogosbo®, 8. 3s3s6s99g", x. Lobozodg*

* 53930 P@gorerol bsbgerdfoge «16039GL03IB0, 330500 B39 AIE0, F9050b0, bsgs6G0a39¢7m

(HoMmbowos 5350093000 §g3Mob g. sergdbodol Jog)

6596md8o g56boEros FnMymeo 30860EoBsE300L 890092850 J0MgdEo 0EGHOMLMZ6ms 300-
0EYIo 0glerbytagdols BMHEs-39630005M9d0L BMyogHmo SB3gdE 0. saMmEgIbozn® ®mbols-
34090505 d0MEMAOHo 3g0mEIdol 358mygbgds Fo®dmsagbl 360d369cmgzsb Bs@HmOl Gm-
3mOEg mMHysbrmo Lmymol dgmEbgmdols Famdmgdol M3oMmoGglmdoL ©sELEBMMgdol dbMog,
31939 BoBoMEMYOMMO 3GmEglgdol dserozol dgommegdols 9938539005 s Yobgsysddergmdols
595000l 5530030600 53MMGgJbozmMo mmboldogdol dgdmdsggdol mzselsbhHoloo. 50
90Bboo dglffsgeoe 0gbs, 03gMHgomol 3o6mmMdgddo dmnMgmeo 30dGoEobsgool dgwgasw domy-
370, 30GOMLM35605 308G MYiEbyMagdol doM-INMmBMEMYOVMO 0530LgdMMIdIO0
53003996030 doMEMRoMo 3xommEIdolL 33dmyggbgdols BmbBy. 8goMBs 3gML3gdEowwo, dgws-
69000 yobgsgo0dwrg Bm®dgdo bsdmgfiggum 3¢sbEs3ogdol gslisdgbgders. 33erg3ol Mmdogddl
§96030m509605 53530 HgMgmerols Labgedfoxm MboggMlio@GgEol saMomveo Jods®omEgdgdol
bsdg3boghm 33¢r930000 396GHMOL 30EOMLMZH LsEmdmblBHMsgom 65339050 39bmsglgdrwo
9Ju39Mm0dgbG o dsgbstggdo. syMm@gdbozm®o mmbolidogdgdol dommyom@o dgomm@gdol
350mygbgds 9603369emm3960 BsdBMMos MmO MGBwmo LILMBEM-bsdgMOEym Fsmr3mgdol
130053 9bMdgd0L sELEBHMMIOOL, B39 Bobommmyommo 3MHmEglgdol dsmomzol Igmmpgdol
0998539005 5 gobz558degMdol 45BMEOL 56H530MIS0MO S3MmEHJJ603MHo mbolidogdgdols

Bull. Georg. Natl. Acad. Sci., vol. 19(193), no. 2, 2025



140 Roland Kopaliani, Nino Kipiani, Shorena Kapanadze ...

8991353900L M33emLsbBGoLom. Bz96 Jogh domgzmemyon®o Igmmeol gsdmyghgdsd (3F3Mogz9dL
dm®ob dfzo6g Lsbrdgdol smglizs) oM 33gMEfows® 0E3s LdgEIwo Izgbsmggdo gsMgdml
95369 Bg3,mgdggdoligsh s 3608369¢0mgbs o6 00mddgws dsmo BHEol 0b6EHIblogmdsby.
3600390 dmeob 33569 Lslvydol smgligsd slsg3zg s033d 939bsMggdo Fswswo 3gddgModr@ols
bg0mgddggdoligsb. 33ergzol 3gMomEdo sxgodloMs Jsmswo Ggddgmodmms — 40-42°C.

REFERENCES

1. Getsadze G., Sanikidze J., Kopaliani R., Jobava T., Kobalia V., Kipiani N. (2013) The problem of frost
resistance of citrus and its solution using the method of distant hybridization. Scientific-Practical Conference
“Commercialization of Research Results of Agricultural Scientists”, p. 301-306. Kutaisi (in Georgian).

2. Getsadze G., Sanikidze J., Kopaliani R., Kobalia V., Kipiani N. (2013) Methodology for increasing the frost
resistance of citrus using distant hybridization. Publishing House “Mze”, p. 1-14. Kutaisi (in Georgian).

3. Kipiani N. (2013) Results of hybridological work conducted along the lines of distant hybridization in citrus.
International Scientific-Practical Conference “Innovative Technologies for the Sustainable and Safe
Development of the Agricultural Sector”, p.214-216. Tbilisi (in Georgian).

Received January, 2025

Bull. Georg. Natl. Acad. Sci., vol. 19(193), no. 2, 2025




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



